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Cardiovascular-metabolic responses and oxygen uptake kinetics during kayak
paddling in normobaric hypoxia in young flatwater kayakers
Abstract
Background: The aim of the study was to evaluate response of cardiovascular, metabolic and oxygen
consumption kinetics at kayak paddling exercise in the normoxic and normobaric environment. Material
and Methods: Seven kayakers (age: 16±1.2 year; height: 165±8.3cm; body weight: 53±8kg; fat percentage:
17±4.4%; VO2max: 34.57±9.24 ml.kg-1.dk-1; Maximal La: 8.72±2.75 mM) with four years’ experience
participated in the study. All subjects performed incremental maximal and sub-threshold constant load
kayak paddling tests in normoxic and normobaric hypoxic conditions on different days. According to
maximal tests results, the individual anaerobic threshold and VO2max values were determined. Results:
VO2max, HRmax, peak power and maximal lactate values demonstrated statistical significant differences
between the normobaric hypoxia and normoxic environment. The response of VO2max was found higher
in the normoxic than the normobaric environment. Oxygen uptake kinetic was statistically (p<0.05) faster,
and O2 values were lower (p<0.05) in the normoxic than the normobaric environment. Recovery kinetics
was found to be statistically faster (p<0.05) in the hypoxia than in the normoxia environment.
Conclusions: The ATP supply in an anaerobic way was higher in the normoxic environment than in the
normobaric environment, and lactate tolerance increased. Having faster oxygen uptake kinetics in the
normoxic environment shows that the volume of oxygen deficit is lower. Faster recovery kinetics in
normobaric hypoxia shows the positive effects of altitude on recovery.
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abstract
Background:

The aim of the study was to evaluate response of cardiovascular, metabolic and oxygen consumption

Material and methods:

Seven kayakers (age: 16±1.2 year; height: 165±8.3cm; body weight: 53±8kg; fat percentage: 17±4.4%;

kinetics at kayak paddling exercise in the normoxic and normobaric environment.  

VO2max: 34.57±9.24 ml.kg-1.dk-1; Maximal La: 8.72±2.75 mM) with four years’ experience participated
in the study. All subjects performed incremental maximal and sub-threshold constant load kayak paddling
tests in normoxic and normobaric hypoxic conditions on different days. According to maximal tests
results, the individual anaerobic threshold and VO2max values were determined.

Results:

VO2max, HRmax, peak power and maximal lactate values demonstrated statistical significant differences
between the normobaric hypoxia and normoxic environment. The response of VO2max was found higher
in the normoxic than the normobaric environment. Oxygen uptake kinetic was statistically (p<0.05)
faster, and O2 values were lower (p<0.05) in the normoxic than the normobaric environment. Recovery
kinetics was found to be statistically faster (p<0.05) in the hypoxia than in the normoxia environment.

Conclusions:

The ATP supply in an anaerobic way was higher in the normoxic environment than in the normobaric

Key words:

environment, and lactate tolerance increased. Having faster oxygen uptake kinetics in the normoxic
environment shows that the volume of oxygen deficit is lower. Faster recovery kinetics in normobaric
hypoxia shows the positive effects of altitude on recovery.
normoxia, normobaric hypoxia, cardiovascular, metabolic, oxygen uptake kinetics.
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introduction 

The physical conditions and game rules are constantly renewing themselves in all competitive
sports disciplines, which has led sports scientists to search to improve current performance.
Since endurance performance, which is one of the motor skills, is one of the basic criteria
that should be gained for many sports, many studies have been done on it, and different
methods have been developed. One of the most important of these methods includes training
at high altitudes.
In recent years, settlements in high altitude areas and tourist trips to these areas have
increased. In addition, there has been an increase in travels to high altitude regions (2000–
4000 m). Therefore, acute adaptations of travelers to these areas and the chronic adaptations
of approximately 150 million people worldwide residing in residential areas >2500 meters
have attracted researchers’ attention [1]. In addition, the effect of physical training at medium
altitudes attracts great attention from athletes seeking new methods to improve their sea level
performance [2]. Many researchers have tried to find a method that would provide optimum
benefit in the relationship between training and altitude [3–6]. Although it is certain that
physical activity at altitudes improves performance, research on whether training at high
altitudes causes an increase in sea level performance is ambiguous and insufficient [7].
Intermittent exposure to hypoxia has been developed as a new technique in altitude training
[8]. Among these developed techniques, the “live at high, train at low” (LHTL) method
developed by Levine and colleagues stands out as a combined method that includes training
at low altitudes and acclimatization at average altitudes [9]. There is evidence that the LHTL
method at natural elevation improves endurance performance [10].
The difficulties that occur in the application of altitude training, the effect of which has
been proven by scientific studies, in the natural environment has pushed people to different
searches. To overcome this problem, the researchers created "Elevation chambers" in which
the oxygen content was reduced using nitrogen. This environment can simulate the necessary
altitude conditions for athletes to live, sleep and exercise [4]. Various devices have been used
to examine the effect of simulated high altitude on the athlete's performance at sea level. They
observed that the change in cycling and running performance at sea level in such programs
increased from very small values to 3.7% when compared to traditional programs [4].
Athletes exposed to hypoxia first experience a decrease in VO2max values, which can be
observed even at altitudes as low as 580 meters [4]. It has been reported that the maximum
decreases in VO2max are 1.5–3.5% for every 300 meters after 1500 meters, according to various
individual characteristics, such as the individual’s training or performance level [11]. Athletes’
acclimatization to natural elevations (1800–2300 m) is a 2-5% increase in sea level VO2max,
which initially declines to 80–85% levels, over a 2–3 week period. Studies with control groups
are recommended to determine the developments in VO2max at sea level. The existence of
studies showing that training in altitude conditions has an effect on VO2max as well as studies
showing that it has no effect keep this topic up to date. There is not enough scientific research
on the effects of LHTL protocols on VO2max under natural or artificial elevation conditions [4, 5].
Hahn et al. [5] in their study on elite cycling and ski athletes found that although there was
no increase in VO2max or Hbmass values, the performance showed a statistically insignificant
increase trend in tasks lasting an average of 4 minutes. They concluded that sleeping more
than 23 days (night sleep) at moderate elevations (2650–3000 m) may have practical benefits
for elite athletes, but these beneficial effects do not include the Hbmass and VO2max values.
Jensen et al. [12], in their study on rowing athletes, showed that a 3-week training program
at the altitude of 1822 meters did not change the VO2max and 6-minute work capacity on
a rowing ergometer at sea level; on the contrary, the VO2max values of the control group
training at sea level increased by 4% and work capacity also increased by 3%.
www.balticsportscience.com
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Another explanation for the differences between the studies is that there are differences
between the initial performances of the athletes. There are hypotheses that athletes with low
VO2max values will improve more in VO2max change rates that occur as a result of altitude
training compared to athletes with high VO2max values. In addition to the performance level
of the athlete before being exposed to the altitude, the amount of altitude and the effect of
the protocols applied on the expected performance come to the fore.
In this context, the use of control groups for comparison is important in investigating
whether hypoxic conditions have an effect on performance. In some studies where this type
of control factor was not included, it was revealed that 3–4 weeks’ acclimatization process
to an altitude of 1800–2300 meters caused 2–4% increases in performance; however, no
change was observed in the 20-day period [4].
The impact of adaptation to hypoxia on athletes' sea level performance has been a controversial
issue for more than 30 years. Although there is no definitive evidence that living or training
at altitude (LHTL) improves performance, some sources show that the LHTL approach has
positive effects on performance [4]. During Olympic rowing and canoeing activities, athletes
stay under a load for 30 seconds to 8 minutes. For this reason, kayakers need maximum
strength and muscle power with high maximal aerobic and anaerobic capacity [13]. Hence,
a high level of phosphogen production is required at the beginning of the canoe race and
the energy metabolism of the anaerobic glycolysis system towards the end [14].
The aim of this study is to evaluate the cardiovascular, metabolic and oxygen uptake kinetic
responses to rowing exercises on a kayak ergometer performed in normoxic and normobaric
hypoxia (NH). In this context, two general hypotheses have been defined.
I.
Cardiovascular and metabolic responses are different in normobaric hypoxia compared
to exercise performed in a normoxic environment.
II. In normobaric hypoxia, the oxygen uptake kinetics slows down, and the economy of
movement is different compared to the exercise performed in the normoxic environment.

materials and methods
participants

Seven flatwater kayakers were involved in the study. The physical and physiological
characteristics of the subjects with a four-year kayak history are given in Table 1. Subjects
participated in the study voluntarily. There is no lactate record because the subject indicated
with number four did not want to have his/her blood taken.
Table 1. Demographic Characteristics of kayaker

Participant
no

Age (year)

Height (cm)

Weight (kg)

Body Fat
(%)

VO2max
(L.dk-1)

1

17

180

2

17

172

VO2max
(ml.kg-1.dk-1)

Maximal La
(mM)

57.1

11

54

13.4

3.12

50

11.99

1.68

27.5

8.22

3

15

160

40

23.2

1.46

29

3.97

4

14

150

50

19.1

1.08

27.4

-

5

16

158

62

21.2

1.51

30

9.2

6

17

168

54

18.6

2.03

32.7

8.29

7

15

172

61

11.5

2.45

45.4

10.66

Mean

16

165

53

17

1.90

34.57

8.72

± S.D.

1.2

8.3

8

4.4

0.69

9.24

2.75
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research design

All exercise tests were performed at a temperature in the range of 21–22°C. All subjects had
previously trained on a kayak ergometer. Preliminary trials related to all tests were applied
in the first week. In the second week, as indicated in Figure 1, physiological responses
were evaluated in four separate tests: the augmented test in the normoxic condition, the
anaerobic sub-threshold test with a constant load, and the same test in hypoxia.

Fig. 1. Flowchart of the study

Kayakers performed the maximal incremental tests on a kayak ergometer (Dansprint,
UK) (Figure 2). The test protocol started with rowing at 25 W workload for 2 minutes and
continued with 25 W increments every two minutes, and ended at the individual exhaustion
point [15]. The specified test protocol was applied in both normoxic and normobaric hypoxia
environments [15]. All subjects were motivated to show their maximal performance. It
has been determined as the point at which there was a break in the linearity of the VCO2
compared to VO2 curve. The anaerobic threshold (respiratory threshold) was determined by
the V slope method. It was found that the linearity of the VCO2 and VO2 curve is disrupted
and the break is the place [16]. Individual VO2max was calculated in line with the criteria
for achieving VO2max stated in the literature. Performance tests were carried out in an airconditioned laboratory environment and at the same time of day (2 hours) (18℃). Blood
lactate ([La]) samples were taken at rest and at the end of the test [17]. Oxygen consumption
was measured with the Masterscreen CPX (Germany) device (Figure 2). Gas calibration had
been done. During the test, the heart rates of the athletes were recorded with the device
(Model, Polar, Finland).

Fig. 2. Kayak ergometer and oxygen analyzer
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modelling of oxygen uptake kinetics

A constant load anaerobic sub-threshold test was applied at 90% AE exercise intensity. After
taking 3 minutes of rest data, oxygen consumption was recorded during rowing on a kayak
ergometer at a workload (W) corresponding to the 90% AE point for 6 minutes. After the
completion of the performance, 5 minutes of recovery data were taken.
The VO2 data consumed during individual rest was calculated by averaging the data between
2–3 minutes of the first three minutes. Because the performance is below AE, there is
a balance between the accumulation of lactate and its removal from the blood. Therefore, in
accordance with the literature, oxygen consumption increases to meet the increasing need
for ATP-CP with the start of exercise and reaches equilibrium in about three minutes [18].
There is a square wave increase in workload, while there is a delay in the response of oxygen
consumption. The speed of reaching steady-state and the steady-state amplitude of the VO2
graph vary both individually and according to the altitude measured. In order to calculate
these parameters, the VO2 graph was modeled by adding intermediate values (iteration),
curve fitting, and a single exponential function. The order of the applied procedures is
listed below:

VO2max(ml/kg/min)

First of all, a scatter diagram of VO2 responses to incremental maximal exercise was drawn
as seen in Figure 3.

Time (sec.)
Fig. 3. Scattering diagram of VO2 response to ıncremental maximal exercise vs. time

Oxygen consumption data were interpolated by adding intermediate values, and curve
fitting was performed. In the modeling, a two-parameter increasing single exponential
equation was used. The actual data (scatter diagram) and the modeled curve are shown in
Figure 4. As seen in Table 2, R, R2, a and b parameters were taken into account in the final
report of the nonlinear regression analysis. It was evaluated if the R value showing the ratio
of the modeled data reflecting the real data was above 85% and the a and b parameters
were statistically significant.
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Time (sec.)
Fig. 4. Modeling of the VO2 response to augmented exercise with curve fitting with increasing exponential function

Table 2. Parameters examined in the results table of best curve fitting with nonlinear regression

R
0.91

R2
0.85
P<0.05

A

*

B

*

VO2 (t)=A1 × (1-e-kt)
The 'A1' parameter (shown as a in Table 2) for the steady state amplitude of the graph, and
the inverse of the rate constant 'k' (shown as b in Table 2) in the function to calculate the
time constant giving the steady state speed of the graph [18].
1/k=time constant (tau)
According to the individual AE point in the incremental maximal test result, the 90% AE
workload was determined individually. Therefore, one subject performed the fixed load test at
25 W workload, while another performed at 55 W workload. Since it would be more accurate
to make a proportional evaluation instead of A1 in order to compare the performance at
different heights, the O2 value was evaluated by calculating the ratio of the individual A1
value to the workload (W).
analysis of oxygen uptake kinetic responses in recovery

After the completion of the six-minute exercise, VO2 was recorded for five minutes. VO2,
which increases with exercise, decreases with the termination of exercise and returns to
resting values. Oxygen uptake kinetics were modeled to determine the speed and amplitude
of this reduction.
First of all, the scatter plot of the decreasing graph of the VO2 data in the 5-minute period
after the end of the exercise was drawn (Figure 5).
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Time (sec.)
Fig. 5. Scattering diagram of oxygen consumption during recovery vs. time

VO2 data is modeled with a 3-parameter decreasing single exponential function. The function
used is given below. While the measured VO2 data consisted of 33 points, 200 points were
added to the intervals with the iteration process applied (inserting intermediate values). As
seen in Table 3, VO2 data taken at 10-second intervals is modeled with interval time values
such as 11.25, 12.50, 13.75, 15, 16.25, 17.50 and VO2 data that may correspond to these
values. These calculations are given by the sigma plot program where the analyses are made.
Table 3. Explanation of curve fitting operation with interpolation (adding intermediate values) operation

Real Data

Modified Data
VO2 (ml.kg-1.dk-1)

Time (s)

Time (s)

VO2 (ml.kg-1.dk-1)

10.000

32.300

10.000

35.107

20.000

28.300

11.250

34.523

30.000

30.100

12.500

33.952

40.000

28.400

13.750

33.393

50.000

25.400

15.000

32.846

60.000

20.100

16.250

32.311

17.000

17.500

31.786

14.200

18.750

31.273

VO2max(ml/kg/min)

70.000
80.000

Time (sec.)
Fig. 6. Modeling of oxygen consumption during recovery by curve fitting with decreased exponential function
www.balticsportscience.com
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The curve modeled by the actual VO2 (scatter diagram) that the person consumes after the
completion of the exercise and the increasing 2-parameter single exponential function is
shown in Figure 6. The function used in the modeling is given below.
f=y0 + (a × e-bx)
Table 4. Parameters examined in the result table of curve fitting with nonlinear regression

R
0.97

R2
0.94
P<0.05

y0

*

a

*

Looking at the result table of the modeled data, it was checked whether the R value was
greater than 0.85 as seen in Table 4. An R value greater than 85% indicates that the
modeled data reflects the real data at the rate of 85%, and this ratio is accepted. However,
it is expected that the analyzed parameters will show statistical significance. As a result, if
the modeled data reflects the real data at a rate of 85% and/or more, and the investigated
parameters (y0, a, b) are statistically significant, the parameters were recorded. All analyses
were calculated separately for each individual and the results obtained are given in Tables
5 and 6 both individually and as an average.

results

Cardiovascular and metabolic responses to the maximal boost kayak test in normoxic and
normobaric hypoxia environments are given in Table 5.
Table 5. Comparison of cardiovascular and metabolic responses in normoxic and NH environment

Parameters
VO2max (L.dk-1)

Normoxic Test
(M±SD)

Normobaric Hypoxia Test
(M±SD)

%

P

1.90±0.7

1.85±0.7

3

*

VO2max (ml.dk .kg )

34.2±9.5

34.6±9.2

1

*

VEmax (L.dk-1)

71±25.4

77.3±19.5

9

*

-1

-1

Max. HR (bpm)

188±13

184±12

2

*

Pike power (W)

72±25

70±21

3

*

Max. Lactate (mmol.L-1)

8.72±2.75

7.48±1.95

14

*

(Mean±SE); VO2max: highest oxygen consumption evaluated as average in the last 30 seconds of the test; Max HR:
heart rate evaluated as average over the last 30 seconds of the test; VEmax: ventilation evaluated as average over
the last 30 seconds of the test; Max Lactate: lactate at the end of the test

When VO2max was evaluated both in absolute (L.min-1) and proportionally (ml.min-1.kg-1)
in the test performed under normoxic conditions, it was found to be higher than the test
performed in normobaric hypoxia (P<0.05). Similarly, VEmax was found to be statistically
higher in the normoxic test than in the normobaric test (P<0.05), at peak power, which
was evaluated as the maximal workload at the end of the test. The maximal heart rate at
the end of the incremental test was statistically higher at the end of the normoxic test
than at the normobaric hypoxia test (P<0.05). The maximal lactate value, which is the
parameter in which the metabolic response to the test is evaluated, was found to be higher
in the normoxic test than in the normobaric hypoxia test (P<0.05).
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Table 6. Oxygen uptake kinetic responses to constant-load anaerobic subthreshold exercise in normoxic and
normobaric hypoxic conditions

Participant
no

Work load
(W)
NT

NHT

Rest VO2
(ml.kg-1 dk-1)

Time constant
(s)

NT

NT

NHT *

NHT *

Amplitude
(L.dk−1)
NT

O2 value
(ml. dk−1 W−1)

NHT *

NT

NHT *

1

40

40

6.8

7.9

27

29

1.47

1.47

26.7

25.5

2

40

40

4.5

6.5

27

39

1.43

1.62

29

31

3

25

25

6.9

8.4

21

23

1.36

1.50

39.6

42

4

25

25

6.7

7.6

25

27

1.05

1.18

31.6

36.4

5

25

25

6

6.3

25

29

1.32

1.44

39.9

43.9

6

55

55

8.8

10.4

23

32

1.95

1.99

27.9

27

M

35

35

6.6

7.9

25

30

1.42

1.53

32.4

34.3

±SD

12

12

1.4

1.5

2

5

0.29

0.26

5.9

7.7

(Mean±SE); NT: normoxic test (n=4); NHT: normobaric hypoxic test

Oxygen consumption graphs of subjects performing at 90% of the individual AE values
in the incremental test result were modeled by performing curve-fitting analysis with
a single exponential function (Sigma Plot). The function used to determine the oxygen
uptake kinetic parameters is given below.
VO2(t)=A1*(1-e-kt)
In the final report of the modeled individual VO2 data, the R value and the significance of the
parameters (A1, k) (p<0.05) were examined. It presents the R value, which shows the ratio
of the modeled data to the real data. If the R value was above 0.85, and the significance
level of the parameters was p<0.05, the parameters were evaluated. The parameter
'A1' specified in the function gives the amplitude at which the oxygen consumption of
individuals reaches the steady state. The 'A1' parameter is given as 'amplitude' in the
table. The 'k' parameter is used to calculate the rate of oxygen uptake kinetics in the
function. The parameter 'k' in the function gives the rate constant. When the inverse of
the rate constant is taken, the time constant is calculated. Both the individual and average
values of the oxygen uptake kinetic responses in the sub-threshold (90% AE) test with a
constant load are given in Table 6. Subject numbers are given in the first column of Table
6. Individual anaerobic subthreshold workloads did not differ in NT and NHT. However,
the VO2 data obtained in the resting state of the individuals before starting the exercise
were found to be higher during NHT than during NT. Similarly, time constant, amplitude
and O2 value were also higher in NHT.
Table 7. Recovery oxygen uptake kinetic responses to constant-load anaerobic subthreshold exercise under
normoxic and normobaric hypoxic conditions

Participant
no

Work load
(W)

y0 VO2
(ml.kg-1 dk-1)

Time constant
(s)

Amplitude
(L.dk−1)

NT

NHT

NT

NHT *

NT

NHT *

NT

NHT *

1

40

40

5.5

5.3

53

51

20.2

20.5

2

40

40

5.3

7

58

47

17.2

25

3

25

25

6.5

8.5

56

43

23.7

18.9

4

25

25

6.7

8

47

50

26.1

27.1

5

25

25

6.2

7.8

49

47

22.1

27.9

6

55

55

7.7

7.4

53

59

31.9

32.8

M

35

35

6.3

7.3

53

49

23.5

25.4

±SD

12

12

1

1

4

5

5

5

(Mean±SE); NT: normoxic test (n=4); NHT: normobaric hypoxic test
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The recovery VO2 data obtained after the completion of the exercise was modeled by
performing curve-fitting analysis with a decreasing three-parameter single exponential
function (Sigma Plot). The function used to determine the oxygen uptake kinetic parameters
is given below.
f=y0 + (a x e-bx)
The R value and the significance of the parameters (y0, a, b) (p<0.05) were examined in
the final report of the modeled individual VO2 data. It presents the R value, which shows
the ratio of the modeled data to the real data. If the R value was above 0.85 and the
significance level of the parameters was p<0.05, the parameters were evaluated. The
'A1' parameter specified in the function gives the amplitude of the oxygen consumption
of individuals at the point where the exercise is completed. The 'A1' parameter is given as
'amplitude' in the table. The 'b' parameter is used to calculate the rate of oxygen uptake
kinetics in the function. The 'b' parameter in the function gives the rate constant. When the
inverse of the rate constant is taken, the time constant is calculated. Both the individual
and average values of the oxygen uptake kinetic recovery responses in the sub-threshold
(90% AE) test with constant load are given in Table 7. Subject numbers are given in the
first column of Table 7. Individual anaerobic subthreshold workloads did not differ in NT
and NHT. However, the oxygen consumption values (y0) at the time of completion of the
exercise were found to be higher during NHT compared to NT. Similarly, time constant
and amplitude values were found higher in NHT.

discussion

In order to perform altitude training, which is used for endurance development, appropriate
facilities, living standards and materials are often required. As environments with these
standards cannot be easily provided, and with the development of technology, artificial
environments where hypoxic conditions are provided have been established [19]. As a result
of studies conducted on rats, it has been stated in the literature that “the live at height
and train at height (LHTH)” approach does not increase performance at sea level, and that
the LHTH approach contributes to performance [20]. In a study conducted on humans,
it was stated that the 4-week SCA approach had no effect on endurance performance or
physiological parameters [21].
Within the scope of this research, it was found that the physiological responses in an altitude
chamber (3000 m), where altitude can be artificially provided during canoe exercise, differ
from the physiological responses in tests performed under normoxic conditions. Physiological
responses during hypoxic exposure may be due not only to partial oxygen pressure in inspired
gas (P1O2), but also to the methodological difference in establishing hypoxic conditions, i.e.
a reduction in atmospheric O2 concentration or barometric pressure [22].
When exercising at altitude, the body has to respond to two separate stresses: exercise
and hypoxia. The factors that affect the size of the body's response to exercise and hypoxia
stresses are stated as the person's performance level, height and individual characteristics
[23]. Since the subjects participating in this study were athletes of the same team, they did
not differ in terms of training levels and ages. Therefore, in this study, the effect of altitude
on physiological responses could be determined.
One of the most important factors that reveal the aerobic performance of athletes is the
capacity to transmit oxygen to the working tissues. It has been demonstrated for many years
that endurance training increases blood volume in both men and women [24]. Subsequent
studies concluded that this development was due to greater erythrocyte and plasma volume.
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Although blood volume adaptation refers to only a few mechanisms that allow for maximal
aerobic performance improvement, it has been proven to be related to maximal oxygen
uptake (VO2max) [25].
Most of the studies conducted in the altitude environment have observed the changes in
the blood values, heart rates and maximal oxygen consumption capacities of the athletes.
However, within the scope of this research, oxygen uptake kinetics of individuals were
investigated depending on loading at high and low altitudes.
The main finding of this research is that VO2max, maximal HR, peak power (W) and maximal
lactate values differed in tests performed in normobaric hypoxia and normoxic environment.
The VO2max (L.min-1) response was found to be higher in the test performed in the normoxic
environment compared to the measurement performed in normobaric hypoxia. Since there
is a physiological strain as the altitude increases, it is expected that the VO2max (L.min-1)
response will decrease, while the fact that the VO2max (ml.kg-1.min-1) response, which is
evaluated proportionally, is higher in the normobaric hypoxia environment does not support
this finding. Therefore, a clear judgement could not be reached based on the findings
obtained as a result of the evaluation of the VO2 response in the normoxic and normobaric
hypoxia environment in this study. Maximal heart rate responses were found to be higher
in the normoxic test than in the normobaric test. Subjects who took the test in normoxic
conditions were able to perform at higher heart rates. If the researched group were more
trained and older in age, no difference would be expected, since they would already be
individuals who could reach the maximal heart rate. However, a difference in the heart rate
is an expected situation since the subjects cannot reach their maximal heart rate anyway
due to the small age group and low training level of the subjects. The peak power value
was found to be higher than the normobaric hypoxia environment because the exercise
performed in normoxic conditions was less challenging. The fact that the maximal lactate
values are higher in the normoxic test can be explained as showing that lactate tolerance is
higher in the normoxic test. Individual fixed load AEAE (90% AE) workloads do not differ as
a result of the incremental test applied in normoxic and normobaric hypoxia environments.
Although the cardiovascular and metabolic responses in exercises performed in normoxic
and normobaric hypoxia environments statistically differed, this difference was not reflected
in the performed workload. Oxygen consumption values at rest as assessed by the constant
load test NH was found to be higher in normobaric hypoxia than in normoxic environment.
It is thought that the decrease in oxygen in the environment at altitude may force people
to consume more oxygen. Oxygen uptake kinetics are NH in normobaric medium. Oxygen
uptake kinetics (time constant) are faster in normoxia than NH.
In another study including 8 people with exercise intensity above AE
[Δ50%=(AE+50%(VO2max–VO2(AE)))],
it was concluded that VO2 kinetics slowed down in the hypoxic environment. Although the
exercise intensity is not the same, the results are parallel [26]. Faster oxygen uptake kinetics
means less oxygen deficit, less ATP-CP used at the beginning of exercise, and energy can
be supplied from the aerobic system more quickly [18]. It is stated in the literature that
the energy consumption increases at a certain rate (time constant) in fixed load AEAEs
[18]. The amplitude of the steady state oxygen consumption and the O2 value obtained
by proportioning this amplitude to the applied workload shows the economy of motion.
According to the results, it can be said that the effects of NH environment results the
slowing oxygen dynamics and declining exercise capacity.
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As a result of this research, in the exercise performed under normobaric conditions, NH it
is seen that better performance can be achieved compared to the exercise performed in the
environment. As a result of more ambient oxygen, NH more oxygen consumption, higher
heart rates, higher lactate values and more time performance were realized according to
the conditions. Along with these findings, oxygen uptake kinetic responses evaluated with
a sudden load given to the organism were also determined by NH it is considered to be
faster than the environment. This means that people were able to adapt to the sudden load
more quickly, and their physiological responses were faster. Movement economics is also
NH found better than the environment. This finding shows that in normobaric environment,
the organism can do this job using less O2 when faced with a constant loaded stress. As
a result, in the exercise performed in normoxic environment, exercise economy or efficiency
refers to the VO2 amplitude in constant load exercise is higher than NH
As a result, performance of kayak exercise test in NH is more challenging compared to the
VO2 responses under normoxic conditions.The fact that the exercise to be applied under
these conditions causes more stress in the organism compared to the normoxic conditions
suggests that the adaptation response may also be faster.

conclusions

In line with the experimental results obtained, it was determined that the exercise performed
in NH environment had more physiological strain than normoxia environment. It is known
that exercise causes a stress in the human organism. Therefore, with exercise, NH
environment increases this stress, and the resulting physiological strain may cause higher
responses in terms of adaptation. As a result, NH can be recommended for athletes improving
performance. However, these research findings only include physiological responses that
occur during exercise at 3000 m altitude. The following topics can be suggested for future
research.
1. Training in harsh conditions can result in a higher level of adaptation. Exercising at 3000
m in a simulated elevation room can improve performance at sea level. So physiological
adaptations to 6 weeks of exercise at NH can be investigated via longitudinal studies.
2. Physiological responses at different heights can be compared.
3. Physiological responses during cycling and running exercises at different heights can
be evaluated.
4. The effect of aerobic exercises in the NH environment on cardiovascular and metabolic
parameters, oxygen uptake kinetics and performance criteria specific to the applied
sports discipline can be evaluated.
5. NH physiological responses in the environment can be evaluated.
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